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SNOOPI Mission Description
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Snow Water Equivalent
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* SWE retrieval from SoOp phase
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* Long (~1m) P-band wavelength
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Root-zone Soil Moisture
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* Root-zone soil moisture provides the critical link Penetration Depth in Bare Soil
between surface hydrology and deeper processes Soil Moisture (m#/m?)
(hydrologic linkage to the GRACE mission) .0 10 20 3 40 >0

* Provides the root uptake for plant growth L-band (1.4 GHz)

e Accurate soil moisture data in the root zone are

critical to agriculture (especially food production) and
are of global importance.

P-band (500 MHz)

* Account for rainfall estimate uncertainty in models

Temp—-20C
Inc Angle — 40°
Loamy Soil

Penetration Depth (cm)

 Soil moisture profile information will allow accurate
estimates of soil hydraulic properties 25
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Difficult Sensing < 500 MH '
ifficulty of Sensing 4 SN@DPI

 Large antenna size to meet resolution requirements

* Few protected bands
* High RFI from terrestrial sources
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Signals of Opportunity
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SNOORPI Instrument Heritage

SN@opl

* Low Noise Front End (LNFE): NASA GSFC

e CubeSat form factor (90 x 96 mm) derived from 1IP13 experience
* 4 channels, 80 dB available gain, internal calibration paths

RFE CAD model Prototype during
population




SNOORPI Instrument Heritage

SN@opl

* Digital Back End (DBE): NASA JPL

* Based on Cion GNSS receiver for Tyvak / CICERO (TRL-8)

* Changes:
» Off-the-Shelf Rad-tolerant high-rel CSP computer (TRL 8)
* P-band capability




P-Band Signals of Opportunity Airborne Demonstrator
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SLAP

2x2 element
S-band array

Elewation (m)

Latitude(deg)

152 4153 443,54 303
5!! 4282 376

P-band
| elements

¥ To GEO Sat.

98.25 982 9815 981 9805 98 9795 979 9185
Longtitude (deg)
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P-band SoOp Demonstrations
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Retrieved SWE vs. In-situ SWE

« Retrieved SWE
|—— Linear Regression

* Show observations
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SNOOPI Mission Description SN@DPI

* Objective — In Space Validation of the SoOp technique in P-band

* Necessity of Space validation:
1. Demonstrate sufficient signal coherence at orbital altitudes
and speeds to make phase measurement
2. Quantify RFI from space (broad field of view, global
distribution of measurements)
3. Model prediction and instrument tracking validated for orbital
delay and Doppler.
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Spacecraft Overview

Reflectometer
Antennas
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SNOOPI Mission Design

* Link Budget Assumptions:
* 10 ms integration, 1 sec incoherent avg.
* Receiver in 410 km orbit.
* Receiver noise based on SoOp-AD

Center Freq. 240-270 MHz | 360-380 MHz
Channel BW 25 kHz 5 MHz

EIRP 27 dBW 37 dBW
Orbit GEO GEO

# Channels Available |~10 4

sn@opi
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SNOOPI Milestones

Project
System

nitiation
Requirement Review

Critical Design Review

System

Llaunch

ntegration Review

-light Readiness Review
Deliver to Launch site

1 year mission operation

01/19
06/19
03/20
11/20
03/21
06/21
09/21
09/22
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Summary SN@DPI

* P-Band SoOp Technique will be validated in this mission.
* Coherence time
* Quantify RFI measurements
* Robustness to DDM uncertainty
* All hardware is high-TRL components
* Digital Back End (DBE) — Cion heritage

* Low Noise Front End (LNFE) — Miniaturized SoOp-AD. (lIP-13)
iInstrument

* Antennas — COTS
* SNOOPI data will be publically available

* SNOOPI mission is excited to partner with others on validation of SWE
estimates from SoOp observations
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P-band SoOp Demonstrations

Signals of Opportunity Airborne Demonstrator (SoOp-AD)
NASA [IP-13 Selection

Reflectivity vs. Volumetric Modsture

(S = 40%, C = 20%)

—

—rner]
T RN
Volumetric Moisture, m_ (%)

Parameter So0p Airborne [SoOp Spaceborme
Resolution® 100m 870m
Antenna Sze 75x75¢cm 75x75cm
Sensing Depth 0-30cm 0-30cm
Sensing Precision™ [0.04m*m? 0.04m*m?

*Specular Reflection Assumed
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P-band SoOp Demonstrations
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* Signals of Opportunity Airborne Demonstrator (11P-13)

Resolution approximately

Possible RFI ?

Strong Response over water  First Fresnel zone
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Motivation: Snow Water Equivalent

* SWE estimates from multi-frequency microwave SN@DPI

a Multi-Dataset Mean SWE b Mean SWE / Spread

5/1
3/1
2/
5/4
mn
4/5
1/2
1/3

1/8

Mudryk et al., 2015
* Model spreads of -50% to 250%, - common in mid-latitude regions
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SNOOPI Mission Design

SMA[? Cal-Val Sites

Cumulative Observations
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SNOOPI Mission Design

* SMC Error in Single Observation
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SNOOPI Mission Design
* SMC Error: 1 sec avg. over SNOOPI Channels
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